The effect of ammonium sulfate on the capacity of sera of pregnant animals to induce the expression of increased rosette inhibition titres in the rosette inhibition assay, that is, to express the so-called early pregnancy factor activity, was reinvestigated. The results show that the sera of pregnant mice contain low molecular mass (less than 1 kDa) moieties active in the rosette inhibition assay. Some of these moieties could be removed from the macromolecular components of sera by dialysis; however, most, or at least the most potent, of these molecules were shown to be associated with macromolecular components of the sera and were not removed by dialysis. Treatment of sera of pregnant mice with 40% ammonium sulfate released the bound low molecular mass moieties and these moieties partitioned into the supernatant fraction, whereas the macromolecular components to which they were bound partitioned into the pellet fraction. Extensive dialysis removed the low molecular mass active moieties from the supernatant fraction. The macromolecular components remaining in the supernatant retentate fraction obtained after extensive dialysis counteracted the action of the low molecular mass moieties in a dose-dependent manner in inducing increased rosette inhibition titres. However, macromolecular components in the extensively dialysed pellet fraction associated with the low molecular mass moieties in the absence of ammonium sulfate and modified their dose\p=n-\response characteristics in the biological assay. The macromolecular components in the extensively dialysed pellet and supernatant retentate fractions alone could not increase rosette inhibition titres; however, when they were recombined, components in the extensively dialysed pellet retentate fraction cooperated with components in the extensively dialysed supernatant retentate fraction to allow for the expression of activity. These results are considered in the context of a new model of the system of components present in sera of pregnant mice which allow for the expression of so-called early pregnancy factor activity. * Corresp ondence.
Introduction
The ability of early pregnancy sera to act on lymphocytes to cause increased rosette inhibition titres in the rosette inhibition assay has been studied for a considerable time (Smart et al, 1981; Whyte and Heap, 1983;  Morton, 1984;  Chard and Grudzinkas, 1987; Morton et al, 1987) . This activity of pregnancy sera can be detected within a few hours of fertiliz¬ ation, making it the earliest known systemic sign that fertiliz¬ ation has taken place (Morton et al, 1974 (Morton et al, , 1976 (Morton et al, , 1977  Rolfe, 1982; Bessho et al, 1984; Mesrogli et al, 1988) . Its discovery, in the mid-1970s, was probably the first indication that there were significant communications between mother and embryo before implantation. However, even now a complete molecular definition of this activity is not available. Shortly after its discovery, this activity was ascribed (Morton et al, 1977) to the presence of an 'early pregnancy factor' in serum of pregnant animals, and this factor was assumed to be a pregnancy-specific protein (Rolfe, 1982;  Morton, 1984; Morton et al, 1987; Mehta et al, 1989) . However, even the early studies indicated that any such protein must be complex (Clarke et al, 1978 Morton et al, 1980; Rolfe et al, 1983) , and Clarke and Wilson (1985) suggested that a complex set of components might interact to produce this biological activity. Attempts to isolate a protein responsible for early pregnancy factor activity have produced a variety of results without any convincing identification or characterization (Wilson et al, 1983; Cavanagh, 1984 Cavanagh, , 1985 Bose et al, 1989; Mehta et al, 1989; Sueoka et al, 1989a; Klima et al, 1992) .
Studies on the nature of some of the molecules and mechanisms involved in the rosette inhibition assay (Orozco et al, 1986 (Orozco et al, , 1990 Clarke et al, 1990a, b ) that allow the expression of increased rosette inhibition titres and also on some of the molecules and mechanisms by which pregnancy sera achieve this effect (Clarke et al, 1987 Di Trapani et al, 1991) have provided some new insights. Characterization of human (Di Trapani et al, 1991) and ovine placental preparations, active in the rosette inhibition assay, revealed the presence of a polypeptide of relative molecular mass 12 kDa with associated active moieties of low molecular mass. Aminoterminal sequence analyses indicated that the proteins of Mr 12 000 were vertebrate thioredoxins, an identification con¬ firmed by cloning and sequencing of the cDNA. Human recombinant thioredoxin has been expressed in Escherichia coli and purified. Pure thioredoxin alone does not induce increased rosette inhibition titres. However, when it is applied to spleen cells in combination with, or subsequent to such cell stimuli as platelet-activating factor (PAF) or normal serum, thioredoxin plays a permissive role allowing for the expression of increased inhibition titres, where none are achieved in its absence. It has been shown to achieve this effect by preventing, or reversing, a refractory state induced in the spleen cell population by these stimuli, allowing lipoxygenase-dependent products, also gen¬ erated in response to these stimuli, or possibly naturally present in the case of sera, to exert their effects in inducing increased rosette inhibition titres . Clarke et al. (1991) showed that all sera could stimulate the spleen cells used in the assay to produce potentially active moieties. However, as only sera of pregnant animals result in increased rosette inhibition titres, it has been suggested that sera from pregnant animals may be distinguished from that from non-pregnant animals by the presence of functional forms of thioredoxin or thioredoxin-like molecules, which act to reverse or prevent the refractory state induced by other serum components, and so allow for increased inhibition titres.
Adsorption studies with anti-thioredoxin antibody support these conclusions and also indicate that there probably is an association in pregnancy sera (but not nonpregnancy sera) between the thioredoxin-like proteins and some active moieties of low molecular mass. Thus, it seems that the capacity to induce increased rosette inhibition titres is not due to the presence in sera of pregnant animals of some unique, pregnancy-specific protein but rather that all sera contain, or at least possess the capacity to generate, mixtures of active and inhibitory moieties, that may induce increased inhibition titres depending on the relative proportions of these antagonistic moieties and the presence or absence of specific functional forms of thioredoxin molecules that, if present, allow the expression of increased rosette inhibition titres.
Although this new view of the ability of pregnancy sera to induce increased rosette inhibition titres is supported by many recent observations, reviewed by Clarke (1992) , it is necessary that it also explains some of the unusual properties previously ascribed to early pregnancy factor. Paramount amongst these are the apparent association of this activity with species of multiple molecular mass in sera of pregnant animals (Clarke et al, 1978 Rolfe et al, 1983) and the susceptibility of this activity to ammonium sulfate fractionation of sera Sueoka et al, 1989b) . While the first mentioned phenomenon is addressed in a later paper, the present report re-examines the latter phenomenon. Clarke et al. (1980) reported that when pregnancy sera were treated with 40% ammonium sulfate, and the resulting supernatant and pellet fractions were collected and extensively dialysed and then tested in the rosette inhibition assay, neither pellet, nor supernatant fraction, could induce increased rosette inhibition titres. However, when these dialysed fractions were recom¬ bined the combination induced increased inhibition titres, mimicking the action of the unfractionated sera. At the time, these data were taken to suggest that there were two parts to the system that allows pregnancy serum to induce increased inhibition titres. The supernatant fraction was said to contain the A-component(s) and the pellet fraction the B-component(s).
Contemporaneous studies on the tissues involved in production of early pregnancy factor activity suggested that the ovaries of pregnant animals produced components, functionally equivalent to those in the pellet fraction from pregnancy sera, while the oviducts produced component(s) functionally equivalent to those in the super¬ natant fraction. As a result of these and other studies, it was suggested (Morton, 1984; Morton et al, 1987) that the proposed early pregnancy factor molecule was made up of two components or subunits. While discussion of this two compo¬ nent system continues (but see recent modified view of Cavanagh et al, 1991) , little definitive evidence to support this simple concept of early pregnancy factor has been forthcoming.
If the model of the early pregnancy factor system recently proposed Clarke, 1992 ) is correct, it should provide an alternative and substantiated explanation of this phenomenon. The work described here reinvestigates the effect of ammonium sulfate fractionation on the capacity of sera from pregnant animals to induce increased rosette inhibition titres to determine whether the observations are consistent with this new model. While this report was in preparation, a paper by Cavanagh et al (1991) appeared in which this effect of ammonium sulfate was also reassessed. The present report takes account of the new observations of Cavanagh et al. (1991) , and in so doing a number of issues that arise from a comparison of their observations and interpretations and those presented in this report are addressed.
Materials and Methods

Collection of sera
Blood was collected from male and female mice and the serum separated as described by Orozco et al (1986) . All animals were mature Quackenbush mice, 6-12 weeks of age.
Stages of the oestrous cycle and stage of pregnancy were identified as described by Orozco et al (1986) .
Ammonium sulfate fractionation
Individual serum samples were brought to 40% saturated ammonium sulfate, either by adding solid ammonium sulfate (at a rate of 0.242 g ml~* of sample) or by adding an equal volume of a 2 40% saturated ammonium sulfate solution (prepared by dissolving ammonium sulfate at a rate 0.484 g ml-1 of water). After standing at 4°C for 30 minutes, the samples were centrifuged at 23 000 g for 5 min. The super¬ natant fractions were collected and the pellet fractions were redissolved in a volume of PBS, equivalent to the original sample volume. Aliquots (5 µ ) were stored for later analyses, and the supernatants and redissolved pellet fractions were dialysed as described below.
Dialysis
Dialysis was performed using either nominal 8K (Union Carbide Co., Chicago, IL) or 1 kDa cut-off (Spectrapor) tubing.
In all experiments, except that designated as dialysis Expt 2, individual samples were dialysed in separate containers (beakers) against 100-fold excess volumes of PBS (for example, 0.5 ml samples were dialysed against 50 ml of PBS). Three successive dialysis steps were used, the first for 4 h at room temperature (20-23°C), the second against a fresh batch of PBS at 4°C overnight (16 h), and the third, again with fresh PBS, at room temperature for 4 h. After each step, aliquots of the retentates and dialysates were stored for later analysis. In dialysis Expt 2, the supernatant and pellet fraction derived from a given serum were dialysed together in the same container.
Specific details of the individual dialysis experiments are described in the relevant results section.
Spleen cell preparations, cell incubations with sample and the rosette inhibition assay Mouse spleen cell preparations were prepared as described by Orozco et al. (1986) . For the standard cell incubation with sample before testing in the rosette inhibition assay, 0.3 ml aliquots of cell suspension (4.5 IO6 cells) were centrifuged at 300 g for 5 min. The cell pellets were resuspended in PBS to give a final volume of 80 µ after addition of test samples. Sera or fractions derived from them were added as 2 µ aliquots; these samples were serially diluted in PBS-BSA (0.2 mg ml~* ) as required. After incubation at 37°C for 30 min, the cells were sedimented and then washed twice in 1 ml Hank's balanced salt solution (HBSS; Gibco, Grand Island, NY). After the final centrifugation, at 300 # for 5 min, the cells were resuspended in a final volume of 0.5 ml and dispensed into the antilymphocyte serum dilutions. The rosette inhibition assay to determine the rosette inhibition titre was performed as described by Orozco et al. (1986) and Clarke et al. (1987) , except that all reagent volumes (anti-lymphocyte serum, cells, complement, HBSS, and red blood cell suspension) were halved. The rosette inhibition titre was expressed as log2 (reciprocal dilution of anti-lymphocyte serum 10~3 ) (Rolfe et al, 1984) . Thus, if rosette formation is inhibited to an anti-lymphocyte serum dilution of 1 in 4 x 106, the inhibition titre is expressed as 12. This inhibition titre of 12 was consistently obtained on spleen cells incubated in PBS alone; consequently, the observation of rosette inhibition titre greater than 16 was considered to be significantly higher than the control, and represents an increased inhibition titre.
Results and Discussion
Release of low molecular mass active moieties by ammonium sulfate fractionation of sera of pregnant animals In agreement with the observations of Clarke et al. (1980) , it was found that when sera of pregnant mice were fractionated with 40% ammonium sulfate to yield supernatant and pellet fractions, analysis of either fraction, after extensive dialysis revealed that neither fraction possessed the ability to induce Dose-response curves in the rosette inhibition assay of sera from day-2 and day-10 pregnant mice and fractions derived from them following 40% ammonium sulfate fractionation and dialysis (Expt 1). (a) Sera from pregnant mice; (b) supernatant fractions (S) obtained after ammonium sulfate fractionation; and (c) pellet (P) fractions obtained after ammonium sulfate fractionation; (d) (e) and (f) dialysate fractions obtained after the first (Sdl), second (Sd2) and third (Sd3) dialysis of the supernatant fractions; (g) (h) and (i) retentate fractions obtained after the first (Sri), second (Sr2) and third (Sr3) dialysis of supernatant fractions; (j) (k) and (1) retentate fractions obtained after the first (Prl), second (Pr2) and third (Pr3) dialysis of the pellet fractions; (m) (n) and (o) the dialysate fractions obtained after the first (Pdl), second (Pd2) and third (Pd3) dialysis of the pellet fractions. (-) Day-2 serum and fractions derived from them; (-) day-10 serum and fractions derived from them. Results are the means of at least duplicate determinations. RIT: rosette inhibition titres. results indicate that low molecular mass active moieties are present in pregnancy sera and that they partition into the supernatant fraction following treatment with 40% ammonium sulfate. The approximate sizes of these low molecular mass active moieties were further assessed by dialysing supernatant fractions derived from day-10 pregnancy mouse sera using both 8 kDa and 1 kDa cut-off membranes against a 100-fold excess of PBS. Identical results were obtained using both dialysis membranes and the dialysate fractions were equally potent in inducing increased rosette inhibition titres, whereas the retentates were devoid of this capacity; a result indicating that the active moieties were less than 1 kDa (data not shown). the three-step dialysis procedure used above and samples of the dialysates and retentates were collected at each step and analysed in the rosette inhibition assay. The results obtained with the day-10 pregnancy serum sample were essentially identical to those obtained with samples from days 2 and 7 (Fig. 3 ). The first dialysis resulted in a slight loss of potency of the dialysed serum compared with the undialysed serum. The dialysate derived from this first dialysis step did display some capacity to induce increased inhibition titres (Fig. 3b ), albeit with a potency many orders of magnitude less than that observed for dialysates derived from 40% ammonium sulfate supernatants of such pregnancy sera (compare Figs lb and 3b).
The serum retentates obtained after the second and third dialysis steps showed no further loss of potency and were equivalent to the first serum retentate in their capacity to induce increased inhibition titres (Fig. 3a) . The second and third dialysates (Fig. 3b ) were devoid of the capacity to induce increased inhibition titres, indicating that active moieties were not washed out any further. Samples of the serum retentates after the third dialysis step were treated with 40% ammonium sulfate to yield supernatant and pellet fractions to test whether potentially active low molecular mass moieties were still present in the extensively dialysed serum samples. When analysed in the rosette inhibition assay before dialysis, the supernatant fraction was potent in inducing increased inhibition titres but the pellet fraction was devoid of this capacity (Fig.   3c ). When the supernatant fraction was dialysed against a 100-fold excess of PBS, a dialysate fraction was obtained that was extremely potent in inducing increased inhibition titres ( Fig. 3d ), indicating that potentially low molecular mass active moieties were present in the extensively dialysed serum samples presumably in tight association with molecules of greater molecular mass. Treatment with ammonium sulfate released the low molecular mass moieties from these associ¬ ations and they partitioned into the supernatant fraction, where on subsequent dialysis, they were free to equilibrate across the dialysis membrane and so appear in the dialysates. This freedom to equilibrate across the dialysis membrane during the successive dialysis steps (see Figs Id-f (Fig. 1) , and the mixtures were tested for their capacity to induce increased inhibition titres. Although the individual retentate fractions alone were devoid of this capacity (see Figs li, 1), the combi¬ nations of these extensively dialysed supernatant and pellet retentate fractions were effective in inducing increased inhi¬ bition titres. The dose-responses of the mixtures made by mixing equal amounts of each fraction and then applying serial dilutions of the mixtures to spleen cells before testing in the rosette inhibition assay are shown (Fig. 4a ). Clearly, the combined pellet and supernatant retentate fractions were extremely potent in inducing increased inhibition titres. The dose-responses of the pellet retentate fractions in cooperating with a fixed amount of supernatant retentate fraction are shown (Fig. 4b ) with the dose-responses of the supernatant retentate fractions in cooperating with a fixed amount of the pellet retentate fraction (Fig. 4c ). These results clearly demon¬ strate that each fraction is extremely effective in cooperating with the other in allowing for the expression of increased inhibition titres.
The mode of action of these extensively dialysed retentate fractions in cooperating to allow for increased inhibition titres was investigated by testing the effects of the sequential order of addition of these fractions to spleen cells. When spleen cells were first incubated with a fixed amount of the super¬ natant retentate fractions, washed, and then incubated with serial dilutions of the pellet retentate fractions, and then again washed and tested in the rosette inhibition assay, increased inhibition titres were observed (Fig. 4d ) with dose-responses similar to those obtained when mixtures of these components were added simultaneously to the spleen cells (compare with Fig. 4b ). If the two-step protocol was performed in the reverse order (that is, a fixed amount of the pellet retentate fractions first, followed by serial dilutions of the supernatant retentate fractions) then no increases in inhibition titres above control values were seen (Fig. 4d ). On the basis of experimental data provided in this report, the following general conclusions can be made, (i) Pregnancy sera contain low molecular mass moieties potentially active in the rosette inhibition assay, some of which can be removed by dialysis of the sera. However, most, or at least the most potent, of these moieties in pregnancy sera are associated with macromolecular components and are not removed by simple dialysis, (ii) Treatment of sera from pregnant mice with 40% ammonium sulfate liberates the bound, low molecular mass moieties from their associations with macromolecular components and they partition into the supernatant fraction following centrifugation, whereas the macromolecular compo¬ nents, to which they were bound, partition into the pellet, (iii) When the supernatant fractions are dialysed, the low molecular mass moieties freely equilibrate with the dialysate and can be filtered out of the supernatant fraction by successive dialyses, (iv) Macromolecular components in the supernatant fraction can counteract the action of the low molecular mass moieties in the rosette inhibition assay in a dose-dependent manner; and
(v) the macromolecular components of the supernatant and pellet fractions freed of any association with molecular mass moieties cannot alone induce increased inhibition titres; how¬ ever, when combined, components in the pellet fraction coop¬ erate with components in the supernatant fraction resulting in increased inhibition titres. Further studies on the mode of action of these macromolecular components in the pellet and supernatant retentate fractions are described by Orozco et al (1994) . Ability of the low molecular mass moieties to associate with components in the pellet retentate fraction Before examining the modes of action of these extensively dialysed pellet and supernatant retentate fractions derived from pregnancy sera, it is important to first address some apparent conflicts between the results reported here and the interpreta¬ tions and some of the observations and interpretations recently reported by Cavanagh et al (1991). Cavanagh et al. (1991) reported that extensively dialysed supernatant retentate frac¬ tions from sera of day 2 pregnant animals could not induce increased inhibition titres. However, in contrast to our results, they reported that the extensively dialysed pellet retentate fraction derived from day-2 sera possessed the capacity to induce increased inhibition titres, albeit with a characteristic bell-shaped dose-response curve, where very low and very high doses failed to induce increased inhibition titres, but intermediate doses did. Furthermore, they reported that the extensively dialysed pellet and supernatant retentate fractions derived from sera of day-10 pregnant mice could increase titres, with both displaying bell-shaped dose-response curves. These, and other results, such as the shape of the dose-response profiles of the recombined pellet and supernatant retentate fractions are in apparent contrast to the results reported here for apparently comparable fractions. In the experiments reported here, the extensively dialysed pellet and supernatant retentate fractions derived from sera of day-2 and day-10 pregnant mice could not induce increased inhibition titres over incubation protocol in which cells were incubated with 2 µ 1 in 10 dilutions of supernatant retentate fractions, washed, then incubated with 2 µ of indicated dilutions of the pellet retentate fractions before testing in the assay, ( ) day-2 and ( + ) day-10 derived samples; dose-response effects of supernatant retentate fractions in cooperating with pellet retentate fractions in a two step incubation protocol in which cells were incubated with 2 µ of 1 in 10 dilutions of pellet retentate fractions, washed, then incubated with 2 µ of indicated dilutions of the supernatant retentate fractions before testing in assay, (·) day-2 and (O) day-10 derived samples. RIT We looked for possible protocol differences either in the assay procedures or in the preparation of the samples to explain these differences. Compared with the assay procedure used by Cavanagh et al. (1991) we used (i) a different lysis procedure in the preparation of the spleen cells; (ii) human serum as a source of complement not guinea-pig serum and (iii) the cell incubation step was performed in PBS not HBSS. Although these modifications of the assay have been docu¬ mented (Orozco et al, 1986; Clarke et al, 1987) as valid and contributing to the reliability of the assay in the detection of 'early pregnancy factor' activity, we found that the assay procedure was not a possible cause of the difference between our observations and those of Cavanagh et al. by reassaying our samples using the assay protocol of Cavanagh et al (1991) .
The results were the same as those obtained by our usual assay procedure. Consequently, any protocol differences of signifi¬ cance must have been in the procedures used to prepare the fractions Cavanagh and co-workers did not define the extent, or provide many details of the dialysis procedure, nor did they assay the supernatant or pellet fractions before dialysis and they did not assay the dialysates. Consequently they failed to detect the presence of low molecular mass active moieties in the sera and the supernatant fractions derived from them. This failure to appreciate the potential presence of low molecular mass moieties of consequence to the phenomena under study may have led these investigators to dialyse the pellet and supernatant fractions from the same, or even different, sera against the same solution in the same container. If this was the case, this procedure is different from our protocol in which each fraction was dialysed in a separate beaker and would have significant consequence. If the pellet and supernatant fractions were dialysed against the same solution in the same container, the rosette inhibition assay of fractions derived from sera of day-2 and day-10 pregnant mice following 40% ammonium sulfate fractionation and dialysis in which the pellet and supernatant fractions from a given serum were dialysed against the same PBS solution in the same beaker, (a) Pregnancy sera; (b) supernatant (S) fractions and (c) pellet (P) fractions obtained after ammonium sulfate fractionation; (d) (e) and (f) dialysate fractions obtained after the first (di'), second (d2') and third (d3') dialysis steps;
(g) (h) and (i) supernatant retentate fractions obtained after the first (Sri'), second (Sr2') and third (Sr3') dialysis steps; (j) (k) and (1) pellet retentate fractions obtained after the first (Prl'), second (Pr2') and third (Pr3') dialysis steps; (m) mixtures formed by combining equal amounts of the extensively dialysed pellet (Pr3') and supernatant (Sr3') retentate fractions. (-) Day-2 serum and fractions derived therefrom; (-) day-10 serum and fractions derived therefrom. Results are the means of at least duplicate determinations. RIT: rosette inhibition titres. the low molecular mass active moieties, which we have shown to be present, largely in a bound form in serum, but which are liberated into the supernatant fraction by ammonium sulfate treatment, would be free to equilibrate with both retentate fractions, possibly reassociating with macromolecules in the pellet fractions during the dialysis procedure. Clearly, this could change the nature of the extensively dialysed fractions.
The pellet and supernatant fractions were dialysed against the same solution in the same beaker, to investigate this possibility.
In Expt 2, pellet and supernatant fractions were prepared from sera of day 2 and day 10 pregnant mice and then subjected to a dialysis protocol (using nominal 1 kDa cut-off membranes) similar to that used in Expt 1; the only difference was that after the pellet and supernatant fractions derived from each sera were placed in separate dialysis bags, the pellet and supernatant fractions from a given serum were dialysed together in the same beaker against the same PBS solution. As for Expt 1, three successive dialysis steps were then carried out and samples of the retentates and dialysates were kept for analysis after each step. The dose-response curves of these samples from Expt 2 in the rosette inhibition assay are shown (Fig. 5 ). As noted previously, the supernatant fractions before dialysis were extremely potent in inducing increased inhibition titres, whereas the pellet fractions did not show this capacity (Figs 5b, c) . Dialysis of these supernatant and pellet fractions against the same 100-fold excess of PBS solution in the same beaker yielded supernatant retentate fractions, pellet retentate fractions and dialysate fractions. As in the separate beaker experiments (Fig. 1 ) the initial supernatant retentate fractions (Fig. 5g ) derived from day-2 and day-10 sera could not induce increased inhibition titres. However, in contrast to the results obtained in the separate beaker dialysis experiment, the initial pellet retentate fractions (Fig. 5j ) from the present experiment could induce increased inhibition titres, and the dose-response curves showed the characteristic bell shapes noted by Cavanagh et al (1991) for their extensively dialysed pellet fractions. The subsequent supernatant and pellet retentate fractions obtained after the second and third dialysis steps maintained the same characteristics as noted for the respective initial retentate fractions: namely the successive supernatant retentate fractions (of day-2 and day-10 sera) could not induce increased inhibition titres over an extensive range of dilutions (Figs 5h, i) , whereas the successive pellet retentate fractions could induce increased inhibition titres over a limited, inter¬ mediate range of dilutions giving characteristic bell-shaped dose-response profiles, which did not change much with successive dialysis steps (Fig. 5k, 1) . The dialysate fractions obtained after the initial dialysis step could induce increased inhibition titres (Fig. 5d (Figs 5e, f). This is in contrast to the apparent washing out of active moieties from the supernatant fractions when dialysed alone in a separate beaker in dialysis Expt 1. When the extensively dialysed pellet retentate (Fig. 5l ) and supernatant retentate (Fig. 5i ) fractions obtained from dialysis Expt 2 were combined, the mixtures were effective in inducing increased inhibition titres (Fig. 5m (Clarke et al, 1987) and human (Di Trapani et al, 1991) placental extracts, in which it has been shown that activity is due to the isolation of low molecular mass active moieties in association with a protein identified as thioredoxin.
If such a reassociation had occurred during the preparation of the extensively dialysed pellet retentate fractions in dialysis Expt 2, treatment of these pellet retentate fractions with 40% ammonium sulfate should release any low molecular mass active moieties back into the supernatants as the protein components are again precipitated. This proposition was tested by adding ammonium sulfate to 40% of samples of the extensively dialysed pellet retentate fractions from dialysis Expt 2, causing precipitation of 95-99% of the protein. After centrifugation, the supernatant fractions were collected and the pellet fractions dissolved in a volume of PBS equivalent to the volume of the original sample. While the original samples displayed the capacity to induce increased inhibition titres with characteristic bell-shaped dose-response curves (Fig. 6a ), the pellet fractions obtained after ammonium sulfate treatment (which contain nearly all the protein originally present in the samples) could not induce increased titres when tested over comparable dose ranges (Fig. 6c ). The supernatants, however, were potent in inducing increased inhibition titres and did so with open dose-responses (Fig. 6b ). These pellet and super¬ natant fractions were then dialysed (in nominal 1 kDa cut-off membranes) against a 100-fold excess of PBS in separate beakers, yielding retentates and dialysates that were then tested in the rosette inhibition assay. Neither the retentates nor dialysates derived from the pellet fractions had any activity in the assay (Fig. 6f, g) . However, the dialysis of the originally active supernatant fractions yielded retentate and dialysate fractions that were equipotent in inducing increased inhibition titres (Fig. 6d, e ), demonstrating the presence in the original supernatant fractions of low molecular mass active moieties, which freely equilibrated throughout the retentate and dialy¬ sate compartments during the dialysis procedure. The 100-fold decrease in the limiting positive dose of these fractions compared with that of the original supernatant samples (compare Fig. 6d , e with Fig. 6b ) was consistent with this conclusion. The dialysate fractions derived from the super¬ natants had open dose-response curves when tested alone (Fig.  6e ), but when reconstituted with an equal volume of the dialysed pellet retentate fraction (Fig. 6f ), the dose-response characteristics changed and the mixtures displayed (Fig. 6h ) the bell-shaped dose-response profiles characteristic of the original unfractionated pellet fractions (compare Fig. 6h with e, a) indicating that the association of the low molecular mass moieties with the macromolecular components of the pellet fraction modified their dose-response behaviour. An identical experiment carried out with extensively dialysed pellet frac¬ tions from Expt 1 showed no evidence of low molecular mass moieties in those preparations.
Comparison of the results of Expt 1 with those of Expt 2 clearly reveal that the procedures used in dialysing the pellet and supernatant fractions derived from ammonium sulfate fractionation of sera of pregnant mice can influence the properties of the resulting extensively dialysed retentate fractions. Although Expt 2 did not reproduce all the observa¬ tions of Cavanagh et al. (1991) , it did reproduce a key finding, on which much of their interpretation was based, namely an extensively dialysed pellet retentate fraction active in the rosette inhibition assay with characteristic bell-shaped doseresponse curves. While Cavanagh et al. (1991) interpreted similar observations as indicating the partitioning of some pregnancy-specific protein into the pellet fractions, the data we have provided indicate that this does not occur, at least not for the extensively dialysed pellet retentate fractions produced in Expt 2. For these it has been clearly demonstrated that expression of activity was due to the presence of low molecular mass moieties that reassociated with macromolecular compo¬ nents in the pellet retentate fractions when the pellet and supernatant fractions were dialysed together in the same beaker. Although specific details of the dialysis procedures used by Cavanagh et al. (1991) are unavailable, it is possible that differences in dialysis procedures could account for the apparent conflict between their results and those we obtained in Expt 1.
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